In the present study, intraplantar carrageenan induced increased mechanical allodynia, phosphorylation of PKB/Akt and GluR1 ser 845 (PKA site) as well as GluR1, but not GluR2 movement into neuronal membranes. This change in membrane GluR1/GluR2 ratio is indicative of Ca 2+ permeable AMPA receptor insertion. Pain behavior was reduced and biochemical changes blocked by spinal pretreatment, but not posttreatment, with a tumor necrosis factor (TNF) antagonist, Etanercept (100 lg). Pain behavior was also reduced by spinal inhibition of phosphatidylinositol 3-kinase (PI-3K) (wortmannin; 1 and 5 lg) and LY294002; 50 and 100 lg) and Akt (Akt inhibitor IV; 3 lg). Phosphorylated Akt was found exclusively in neurons in grey matter and in oligodendrocytes in white matter. Interestingly, this increase was seen first in superficial dorsal horn and a-motor neurons (peak 45 min) and later (peak 2 h post-injection) in deep dorsal horn neurons. Akt and GluR1 phosphorylation, AMPA receptor trafficking and mechanical allodynia were all TNF dependent. Whether phosphorylation of Akt and of GluR1 are in series or in parallel or upstream of pain behavior remains to be determined. Certainly, TNF-mediated GluR1 trafficking appears to play a major role in inflammatory pain and TNF-mediated effects such as these could represent a path by which glia contribute to neuronal sensitization (spinal LTP) and pathological pain. Ó
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Introduction
Tumor necrosis factor (TNF) is a pro-inflammatory cytokine released from glia [13, 38] known to increase neuronal excitability through a variety of post-transcriptional mechanisms [26, 53] , including changes in neuronal a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptors. These receptors are composed of up to four subunits, GluR1-GluR4; those without GluR2 subunits are Ca 2+ permeable (Ca 2+ -perm) [4, 23] and frequently participate in synaptic strengthening [1, 25] . Under basal conditions, immunostaining for GluR1 and GluR2 is prominent throughout the superficial dorsal horn [5], with GluR2 being found at virtually all AMPAr puncta [50] . Both subunits are found in deeper laminae, but with lower density, significantly, GluR1 increases in this region following dorsal rhizotomy [5] . It has been suggested that in naïve rats, GluR1 staining is more highly associated with GABAergic neurons [30] . In experimental systems where GluR subunits are quantified, increases in Ca 2+ -perm AMPAr are expressed as an increased GluR1 or GluR4/GluR2 ratio.
In hippocampal neurons and a-motor neurons, TNF increases plasma membrane concentration of GluR1 containing, Ca 2+ -perm AMPAr within minutes [3, 18, 43] . As yet, no connection has been made between spinal TNF and Ca 2+ -perm AMPAr in dorsal horn.
However, spinal Ca 2+ -perm AMPAr contributes to hyperalgesia [22, 28, 49, 55] and multiple peripheral insults increase Ca 2+ -perm AMPAr in dorsal horn cells [20, 45, 47] , including nociceptive projection neurons [29, 31, 62] . While the initiating stimulus resulting in increased AMPAr trafficking and membrane Ca 2+ -perm AMPAr in dorsal horn is still not determined, some of the intervening steps have been demonstrated. There is a strong evidence implicating phosphatidylinositol 3-kinase (PI-3K) [20, 47] . Antagonism of Akt/PKB a downstream mediator of PI-3K has similar anti-hyperalgesic effects [57] . Although, as Akt activates nuclear-factor-kappa B and through it cyclooxygenase 2 [9], the anti-hyperalgesic effects of Akt inhibitors may be mediated through this or another spinal transduction pathway. Interestingly, PI-3K is also required for AMPA receptor insertion in hippocampal neurons during longterm potentiation (LTP) [35] . Another requirement for AMPA receptor insertion during hippocampal LTP is the phosphorylation
